Introduction
B physics studies are exploiting a unique laboratory for testing the Standard Model in the fermion sector, for studying the QCD in the non-perturbative regime and for searching for New Physics through virtual processes.
In the last decade, the LEP and SLD experiments played an important role in the study of In this paper we will focus on the measurements of the CKM matrix elements : 2 B physics at the Z 0 At the Z 0 resonance, B hadrons are produced from the coupling of the Z 0 to a bb quark pair. The production cross section is of ∼ 6 nb, which is five times larger than at the Υ(4S). Because of the specific (V-A) behaviour of the electroweak coupling at the Z 0 pole, hadronic events account for about 70% of the total production rate; among these, the fraction of bb events is ∼ 22%. Because of the energy available only B + and B B hadrons carry, on average, about 70% of the available beam energy, whereas the rest of the energy is distributed among the other fragmenting particles. As a consequence, the two B hadrons fly in opposite directions and their decay products form jets situated in two opposite hemispheres.
The hard fragmentation and the long lifetime of the b quark make that the flight distance of a B hadron at the Z pole, defined as L = γβcτ , on average of the order of 3 mm. As decay products have a mean charged multiplicity of 5 * , it was possible to tag B hadrons using a lifetime tag.
Most of the precision measurements in B physics performed at LEP/SLC, Tevatron and B factories, would not have been possible without the development of Silicon micro vertex detectors. In practice the averaged flight distance of the B hadrons becomes measurable thanks to the precision of silicon detectors, located as close as possible to the beam interaction point. These detectors determine with a precision better than 10 µm, the position of a charged particle trajectory. In particular the separation between b quarks and other quarks is mainly based on the use of vertex detectors. Charged particles produced at the B vertex (secondary vertex) can be separated from those produced at the interaction point (primary vertex) using the precise tracking information. In spite of the relatively small statistics collected by the SLD experiment, it gave very important and competitive contributions to B physics, because of its silicon vertex detectors, which is located very close to the interaction point. A typical LEP bb event is shown in Figure 1 .
Because of the large B mass, B hadrons are expected to decay into several decay modes with branching ratio of the order of a per mil. * On average there are as many particles originating from b-quark fragmentation and from B decay. An overview of the signals used to study these new states is given in Figure 2 .
3 Example of historical evolution 
Beauty hadron lifetimes
Since the beginning of the LEP/SLD data taking an intense activity has been concentrated on the studies of B hadron lifetimes.
Results are given in Table 1 . In figure 5 the improvement on the precision of the measured B hadron lifetimes over the years is shown.
Determination of the CKM element: |V cb |
The |V cb | element of the CKM matrix can be accessed by studying the rates of inclusive and exclusive semileptonic b-decays.
|V cb | inclusive analyses.
The first method to extract |V cb | makes use of the inclusive semileptonic decays of B-hadrons and of the theoretical calculations done in the framework of the OPE.
The inclusive semileptonic width Γ s.l. is expressed as:
From the experimental point of view the semileptonic width has been measured by the LEP/SLD and Υ(4S) experiments with a relative precision of about 2% 5 :
The precision on the determination of |V cb | is mainly limited by theoretical uncertainties on the parameters entering in the expression of γ theory in equation 1. 
Moments analyses
Moments of the hadronic mass spectrum, of the lepton energy spectrum and of the photon energy in the b → sγ decay are sensitive to the non perturbative QCD parameters contained in the factor γ theory of equation 1 and in particular to the mass of the b and c quarks and to the Fermi motion of the heavy quark inside the hadron, µ 2 π § .
Results from DELPHI collaboration are shown in Figure 6 .
Similar results (and with comparable precision) have been obtained by CLEO (which did a pioneering work in this field) and by the BaBar Coll.. Using the experimental results onΛ and λ 1 : An alternative method to determine |V cb | is based on exclusive B
decays. Using HQET, an expression for the differential decay rate can be derived
w is the relative velocity between the B (v B ) and the D systems
is a kinematical factor and F(w) is the form factor describing the transition. At zero recoil (w=1) F(1) goes to unity. The strategy is then to measure dΓ/dw, to extrapolate at zero recoil and to determine F (1) × |V cb |.
The experimental results are summarised in Figure 7 . Using F(1) = 0.91 ± 0.04, 6 it gives 5 :
Combining the two determinations of |V cb | (a possible correlation between the two determinations has been neglected) it gives 2 :
6 Measurement of |V ub |.
The CKM matrix element |V ub | has been measured at LEP using semileptonic b to u decays. This measurement is rather difficult because one has to suppress the large background from the more abundant semileptonic b to c quark transitions. By using kinematical and topological variables, the LEP experiments have succeeded in measuring the semileptonic b to u branching ratio, 7 and obtain : Using models based on the Operator Product Expansion, a value for |V ub | is obtained :
LEP .
Prior to this analysis, the V ub matrix element was firstly obtained, by CLEO and The probability that a B 0 meson oscillates into a B 0 or remains a B 0 is given by:
Where t is the proper time, τ q the lifetime of the B Integrating expression 8, over the decay time, the probability to observe aB
, where A time dependent study of B 0 − B 0 oscillations requires:
• the measurement of the proper time t,
• to know if a B 0 or a B 0 decays at time t (decay tag)
• to know if a b or a b quark has been produced at t = 0 (production tag).
In the Standard Model, B 0 −B 0 oscillations occur through a second-order process -a box diagram -with a loop of W and up-type quarks. The box diagram with the exchange of a top quark gives the dominant contribution :
where ξ = Figure 9 . B Table 2 . During the last seven years impressive improvements in the analysis techniques allowed to improve the sensitivity of this search, as it can be seen in Figure 12 .
The combined result of the LEP/SLD/CDF 9 analyses, displayed as an amplitude vs ∆m s plot, is shown in Figure 13 and is: 
The CKM Matrix
In the Standard Model, the weak interactions among quarks are encoded in a 3 × 3 unitary matrix: the CKM matrix. 
curves (darker regions include systematics).

9
The dotted curve shows the sensitivity.
The existence of this matrix conveys the fact that quarks weak interaction eigenstates are a linear combination of their mass eigenstates.
11,12
The CKM matrix can be parametrized in terms of four free parameters. Here, the improved Wolfenstein 13 parametrization, expressed in terms of the four pa- Errors are given at ∆m s = 15 ps −1 (the sensitivity is also indicated).
rameters λ, A, ρ and η (which accounts for the CP violating phase) , will be used:
The CKM matrix elements can be expressed as:
where the parameters ρ and η have been introduced 14 .
The parameter λ is precisely determined to be 0.2210±0.0020 * * using semileptonic kaon decays. The other parameters: A, ρ and η were rather unprecisely known.
The Standard Model predicts relations between the different processes which depend upon these parameters; CP violation is accommodated in the CKM matrix and its existence is related toη = 0. The unitarity of the CKM matrix can be visualized as a triangle in theρ −η plane. Several quantities, depending uponρ and η can be measured and they must define compatible values for the two parameters, 21 The results in the following are shown using the Bayesian approach.
Central values and uncertainties taken for the relevant parameters used in these analyses are given in Table 3 . 
The spectacular agreement between these values shows the consistency of the 
The ranges within parentheses correspond to 95% probability.
The results on ∆m s and γ are predictions for those quantities which will be measured in near future.
Conclusions
During the last ten years, our understanding of the flavour sector of the Standard A crucial test has been already done: the comparison between the unitarity triangle parameters, as determined with quantities sensitive to the sides of the unitarity triangle (semileptonic B decays and oscillations), with the measurements of CP violation in the kaon (ǫ K ) and in the B (sin2β) sectors. This agreement tells us that the Standard Model is also working in the flavour sector and it is also an important test of the OPE,HQET and LQCD theories which have been used to extract the CKM parameters. On the other hand, these tests are at about 10% level accuracy, the current and the next facilities can surely push these tests to a 1% level.
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